ABSTRACT
Panstrongylus lutzi Neiva & Pinto, 1926 (Hemiptera, Reduviidae) is a little-studied species of Triatominae recorded from the caatinga region of northeastern Brazil (States of Ceará, Alagoas, Rio Grande do Norte, Pernambuco, Bahia, Paraíba and Sergipe) 8 . Its main natural habitat appears to be armadillo burrows 8 and although adults have been frequently noted flying into houses, they have rarely been reported to form domestic colonies 2 7 . In the state of Ceará 3 , from 1964-1974, 28 adult bugs were reported entering houses in 17 municipalities (out of 141 municipalities investigated), showing a high rate of natural infection with the causative agent of Chagas' disease, Trypanosoma cruzi (17.7%). In more recent years, routine epidemiologic surveillance by the state Chagas Disease Control Programme (National Health Foundation, Ceará State -PCDCh/FUNASA-CE) has indicated an apparent increase in the rate of house invasion by this species, which prompted the study reported here (Figure 1 ). from houses in the two municipalities of Crateús and Sobral ( Figure 2A ). Crateús is an arid region of caatinga-steppe, with mean annual rainfall of 758mm, more than 150 dry days per year 15 , and temperatures of [25] [26] o C. Geomorphologically it is classified within the Superfície Sertaneja 1 , typified by preCambrian formations with open wooded steppes dominated by carnauba palms (Copernicia cerifera). Sobral is similar, but with annual mean temperatures of 26-27. 5 o C, and annual precipitation reaching 1,200mm . Like other regions of the caatinga, both these municipalities show hydrological deficits for over 8 months per year (rainfall less than 60mm in 63.9% of months, and less than 10mm in 45.7% of months) 4 .
A search for natural silvatic habitats of P. lutzi was carried out in the rural areas of Sobral and Crateús for five days in each locality, by seeking bugs randomly in various potential ecotopes including rock-piles, under tree bark, and nests of rodents or birds. In the region of Crateús, during November 1999, we also attempted collections using a light trap (suspended white sheet illuminated by battery-operated fluorescent tube) for two consecutive nights between 18:00 and 22:00h.
Morphological analysis of P. lutzi from Crateús and Sobral followed the descriptions of Lent & Jurberg (1975) 14 , the insects were carefully analyzed using the most recent description by P. sherlocki 14 . Additionally, male genitalia of 10 Crateús specimens and nine from Sobral were slide-mounted for comparison with the published descriptions. Morphometric studies were carried out on 12 females and 21 males from Sobral, and 10 females and 31 males from the Crateús entomological collections. Following Dujardin et al 10 , six head measurements were taken from each specimen using an image analyzer system (KONTRON KS300): width of anteclypeus, length of antenniferous tubercle, anteocular distance, external distance between occelli, external distance between eyes, and post ocular distance excluding neck (Figure 3 ). These measurements were logtransformed and used for multivariate analysis, which included examination of variance-covariance matrices by common principal component analysis (CPCA) and discriminant analysis, performed based on the principal components to obtain shape components. All calculations were done using the software packages JMP 17 and NTSYS-pc 16 .
RESULTS
Panstrongylus lutzi was found in almost the entire endemic area of the State of Ceará. In 1983, P. lutzi was reported from 84 (78.5%) of the 107 municipalities included in the Chagas disease control activities (Figure 2A) represented by adult bugs alone in 70 municipalities, but with peridomestic colonies (defined by finding nymphs) reported from 14 municipalities (Tables 1 and  2 ). By 2001, P. lutzi was reported from 117 (78.5%) of the 149 municipalities examined, represented by adult bugs alone in 92 municipalities, but with domestic or peridomestic colonies reported from 25 (16.8%) municipalities; of these, intradomestic colonies were reported from 14 (9.4%) municipalities ( Figure 2B ). The dispersal data does not suggest an increase in distribution 
MATERIAL AND METHODS
The historical records of the PCDCh/FUNASA-CE were assessed in terms of capture reports of domestic Triatominae by the PCDCh field agents. As baseline we took the records for 1983, when field activities were expanded under the national Chagas' disease control campaign to cover almost the entire endemic area of the state. This area comprised 107 of the 141 municipalities then defined in the State of Ceará. We also analyzed the yearly capture records for the period from 1989 to 2001 which was the year when field activities were transferred to municipal authority following decentralization, and included 149 municipalities of the 184 now defined in the state. Under the current decentralized system, municipal field personnel are trained by the Fundação Nacional de Saúde (FUNASA) using similar field surveillance methods as before. This includes microscopical assessment of rates of infection with T. cruzi from a sample of the collected bugs (by Giemsa staining of fresh bug feces). Distributional analysis of P. lutzi made use of the PCDCh/FUNASA information system for the years 1983 and 2001 (Figures 2A and 2B ). For 2001, but not for 1983, this system also enabled localization of records of intradomiciliary colonies (defined by the finding of nymphs in domestic habitats).
More detailed study was carried out on entomological collections of P. lutzi made between July 1999 and July 2000 , p = 0.9) but the average numbers of bugs captured did show some increase over this period. For 1983, the average number of bugs encountered was 0.4 per domestic unit examined, rising to 1.8 in 2001 (p <0.05). This increase was most marked in intradomestic captures, which rose from averages of 0.5 to 4.6 (p <0.05) over this period ( Table 1) . Rates of infection of the adult bugs with T. cruzi varied between 1 to 5% over the period considered, with only 3 nymphs found to be infected (Table 2) .
Our searches for silvatic bugs revealed two adult females P. lutzi in hollow trunks of pau branco (Auxemma oncocalyx), a tree of the Borraginaceae family, near the town of Sobral ( Figure  4A and 4B). In Crateús, no bugs were found by microhabitat examination, but two males were taken at the light trap.
From the bugs collected in domestic and peridomestic habitats of Crateús and Sobral, a clear distinction was observed in terms of color pattern. Those from Crateús were invariably paler in color, while the majority of those from Sobral (74% of 50 examined) were a much darker brown ( Figure 5 ). Amongst these bugs, common principal component analysis indicated that the Sobral insects tended to be larger (both for males and females) with a marked differentiation between the two populations ( Figure 6A) . Likewise, discriminant analysis of shape components demonstrated separation between the two populations ( Figure 6B ). 
DISCUSSION
The main domestic vector of Chagas disease in the State of Ceara is Triatoma brasiliensis, and in our baseline year of 1983, the Chagas disease Programme of Ceará (PCDCh) captured a total of 210,439 specimens of this species 12 . By 2001 however, with a broadly similar capture effort, the total number of T. brasiliensis collected had declined to 55,280 specimens 13 . During the same period, a total of 750 specimens of P. lutzi was captured in 1983, compared to 948 specimens in 2001 -of which 93% were adults ( Table 2) . In other words, although the vector control interventions appear to have markedly reduced the capture rate of T. brasiliensis, they appear to have had little effect on the frequency of house invasion by P. lutzi. Moreover, the capture index for P. lutzi (number of bugs captured/ number of houses infested x 100) shows a steady increase over this period (Table 1) , with greater frequency of house invasion. This is also paralleled by increasing reports of nymphs recorded in peridomestic habitats in 21.4% of the municipalities examined in 2001, and in intradomestic habitats in 12% of these municipalities.
The available data suggest that P. lutzi is increasingly likely to invade peridomestic and domestic habitats, and also increasingly likely to form peridomestic and domestic colonies. Discussion with householders in Sobral and Crateús revealed that adult P. lutzi are often seen flying into the houses -presumably attracted by light as indicated by our captures at light traps. Moreover, although infection rates with T. cruzi were relatively low (Table 2) invasion of houses by silvatic P. lutzi would appear to represent an additional mechanism to introduce silvatic strains of T. cruzi into the domestic transmission cycles.
Comparing the distributional maps for 1983 and 2001 (Figure 3 ), it appears that domestic colonies of P. lutzi were concentrated along the central and western regions of the state of Ceará, towards the neighboring state of Piauí -without any apparent association with the reported distribution of other species of Triatominae, nor with obvious geographic or anthropic factors. It is possible that the frequency of domestic invasion reflects the frequency of its occurrence in silvatic habitats 5 15 , which in turn may reflect the density of silvatic hosts such as armadillos 10 . Our finding of adult P. lutzi in hollow trees could indicate an alternative silvatic habitat, although given the
